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obejoot; of this Invest ideation is to 
aotorniine the possibility o? mensiirlrig quantitatively 
the reaiaual stresses in ffietai pl&tes by means of 
brittle laequer* It Is loaowsi that the resldtsal 
atreases oan be fiefeermlnetl Qualitatively by use of 
the brittle lacquer from the work of previous in- 
veotigators* tliis investl^jatiois «ili conoern itself 
with correlating the ois^e of the pattern foraeS in 
the lacquer on the release of the reatifiuol stresees 
with the actual value of the resifluaX strosee® in 



the metal* 
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BCPOR'f/I?OK 

Is a ^esti need for a rimole y«t 
«O(sar&t:0 method for detorraining the resicuol stresses 
In a member without actually dOBtroylns the membor or 
tho otructxir© oontalsiag the member# If It were poa- 
sible to determine the na£p'*itudo of the etreoses by 
the uee of brittle Isccuer, the olmole and inexpensive 
oethofi needed would have been found# the »jor 3 c of 
previous invest Igntora h»« t^xomi that the presence 
end type of resiftu&l otreocos oca be found by the 
uae of brittle lacquer# In order to be of greatest 
use# however# the quantity of stresses present sitould 
be Jsnown# ilie brittle lacquer could then be used as 
a ?actJ:od of testing a «embe2‘ after it hao been plaoed 
ill a ctructiucc* 

It In known that a mesabor oontalning residual 
stressec will yield under » smeller load than a member 
free from reoidual streasee# If eaoh etruotural raem- 
ber could be designed as if free of residual stresses# 
the wcl^^it of steel uecensrry would be greatly reduced# 
JfEturally, no struoture could bo built without indue irig 
residual ctresnea, but the amount of strenees could be 
greatly rediicod by proijer oequonoa of construction or 
other precautions, fho mmbers could be tested after 
erection to see if they conformed to tho doaii^ sped- 
ficefcions* 
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PEOBLW 

•?h» iavessi-ratioa rocolyed itsslf Into 
the foliovslnig protl«ai: Xo corroiate th© patterns 

formes by Srilling r smolX hole in a Ijiequer-eoated 
metal pi«o« as aoaarlbofl in references "A” end 
with the valu.ee of the residual streiios found by 
romo other wethof. It ’,aa decided* to meenure these 
x'enidual rtrclnc by niacins a wire strain 
tho natal GP.apla which contained residual ofereoses 
ond then out ting tho eng® away* Bic oorr acted 
dlfferenc© between the, strain Indicator reading 
before and after the cutting would be the valtie 
of the residual stmin* 
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Sia forsaatloii of the strain patterns is 
the result of drilling a hole In the metal# In tSxe 
case of residual tension, the relief of tho etrnia 
allowa the *aetal to contmot and radiel creeifes are 
forjied* vSiereaa, with the relief of oompressi'^e 
forces* the sietal' expands eiifl attecRpte to fill the 
hole causing oireulai' craoics to form oonocntrio to 
the hole* iiieo© theorotleaX patterns are shorm on 
^?lat8 X# 

B*ie s 0»0 thing would happozi wnm the etrain 
gsgos are out out# Belief of tensile strains would 
etuse t%e ®atai to oontraot and oojspresslve straijic, 
wdicn rtlievod, would oause the n’,etal to expand# fhe 
gages when out away measure 1*6*’ x #45"; thus the 
diffsrenoe In the rsediuge of the gage is aotuslly 
(#45 • l#6u) X the actual retiidual strain in the 
piece# 

Sines the amount of »etal effected Inorcaseo 
tis the square of the distenoe frosc the hols inaroasea, 
the length of the craeJe should iriCresse a® the sq^uare 
of the residual ntralri. Also, the larger the hoi© 
made, the greater the quantity of strain relieved, 
th© quantity of strain will vary wit^.th® diemetor 
of the hole* therefore, in plotting the results. 
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square root of fehe length of the ereoic dlvifled 
hy the fliametcr of the holo wca plotted egslnst 
the residual strain# 






PL.ATE I 




COMPRESSION 




TENSION 



THEORETICAL PATTERNS 
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prooadur© followed in this investii5i*tion 
wes recogi’»i«ndort by the >^ii;’,naflaiE CoroorfttlOB, 

matmifEctorefs of StreGooont# ®il» procedure wao ee 
follows ; 

1, test: RESiplo with brlttl* IscQuer* 

g* Brill satoll hole into test piece* 

S. Apply 6ye etohent to laoQuer* 

4* Jnvestlgnte patfeei?n of resiflusl stress 
present In the test scmple at the place 
of the hole* 

In the following invostigsfcion it vms en- 
deavored to determine the of roeidual strain 

present by raeasnrtng the aise of the safctern formed 
in the brittle laccuer with the release of the residual 
stralri. In order to obtain a high sensitivity & lacg^usr 
two or three numbers above that recommended by the 
Miftgneflur: Corporatton woe used* Hfm samples were 
dirled for M hours In on oven at lOD to 110 degrees F. 

In order to prevent ornsing* 

the procedure used to determine the actual 
rani dual strain was as followa; 

X* Cement elccfcrio strain, gage, type 5E4a, 

S3 close to the hoi© as practicable* 

$m Obtain initial strain reading* 
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I5* Out the fjtrmin from the ample# 

4. Oh tain final Btrein reaaiu?; m(L 
determine the value of the reeidual 
etreiii# 

file results were then plotted on Plate II# 
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IIIS'XOnY OS' TM 

In order to obtain high reaidual ttrains 
will eh Wiould be feirljr uniform throughout the oomple, 
it was decided to uue a hoat-troat&blo steel as otir 
teat sample. SiS 8630 eteel ms selected for this 
purpose, the sa-aplea cut from e normaliEod 

strip of steel and measured 10*’ ac g” x l/l6”. A 
sample l/S” thiok or thiclcer would hare been bettor 
for this purpose because loss distortion would have 
occurred when it was tjusnehed. the setfiples were 
eoaked for thirty lainuteo at 1500 degrees F. Some 
wer© thou ouenohed in water and some in oil to obtain 
differont hordnoea values and, therefore, different 
strain values* the samples cere thon teeted for ease 
of drilling* The water-quenched camples were too 
hard to drill with cither plain carbon or high speed 
drills, but they could be drillsd with a specially 
treated plain carbon drill* This treatment of the 
drill coaeisted of hoating for fifteen sninutes at 
1500 dogreea F* and quenching it Into mercury* The 
above treatment produced a very hard but very brittle 
drill* oll-quonched samples could be drilled 

with hif)i spaed drills. It was decided to discord 
the wator-quenehed samples «cd to concentrate on the 
oil-quonohed aamploB because the specially treated 
drills tfere too brittle for continuous use. 
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A niimbsT of pi«oe» w.'ra then he»t- 

iiT atea btA sprayed* 0siii^^ st nnjaber 40 high apeed 
drill, several IxOlees wor«5 drilled In ench as^aple* 
Fatterne were observed and measured in aoat of the 
pieces, the beot pattern* were Photographed* 

.jccsiple® of the patterns or® Miown in the photo- 
vraphs included ao pert of this thesis. 

SK4a wire strain ^?a^es, type A-1, were 
placed on the pieces aesr the holes showing the 
patwcmo* Initial readings were tiucon on. the gages 
and then, uelag ahorre, the gages were out out of 
the cm^aple. Again readings woro taken on the 
and the values of residual strains were coniputed* 
Comparison of the residual strains with the length 
of crocks in the brittle Isequer s.howed erratic 
results* 

After excitination of the test results, it 
W8S decided that the method of cutting the gages out 
of the pieces was introducing oxoeBSlve additicnal 
strain In the aemples* Bierefoj'^, a tent was carried 
out to .find the magnitude of the atroins Induced in 
the naffiples by three different methods of cutting; 
nemely, the ohefs.re, the power hac.k caw, and the hand 
hacksaw. A fourth method, the us® of a wafcor-cooleft 
cutting wheel, was dlaoarded after eoncultrtlon with 
ir. baiter Koonradt, ■etallxu'gy and Welding r/cpertraent. 
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Renssolacr Polytechnic Institute. He advised 
that the wheel could not be adjusted acetirately 
enough to out closely to the strain gage and that 
the vibration from the wheel would tend to loosen 
the gage on the sornple. Ilhe teat for the first 
three methods consisted of placing three strain 
gages on normalized samples and then cutting them 
away by the various methods. Hie shears induced 
strains to the order of 1000 micro- inches; the 
power hac]5:Ba\v 100 micro-inches; and the hand hack- 
saw 50 micro-inches. On the basis of this test, 
it vmB decided to use the hand hacksaw for cutting 
out the strain gages. However, it was almost im- 
possible to out the treated steel with either the 
hand or the power hack sav/s. At this point, it was 
apparent that cutting aivay electric strain gages to 
find the residual strain was not satisfactory for 
use with a material such as steel or any other 
material vdiich has high hardness accompanying the 
high residual strains necessary for this investig- 
ation. 

Aluminum, which can be made to have high 
residual strains without high hardness, was selected 
for the next tests. Hie samples v^cre pieces of 
S4S-0 Aluminum 2” x 6" x l/8" vdiioh were heat- 
treated for thirty minutes at 925 degrees P. and 
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quenchc' In oolfi water* Twonfcy pieoes were ®:?rayeft 
r2i 5 then testo3 tiy drillln.'^ holes with a s/35'^ drill* 
Patterns were oh served on ozdy two oleCee* Oages 
were olaoed near the holes where psttoras were present 
m4 strain readings were tfiJcon* the igsgoa were than 
out out of the ssetjplss by a hand hac3cDaw end strain 
readings were taken again* Beosuoe of the small 
nufliber of pattern format lone observed, it wae de- 
cided to eol'-work the next fproup of alumlimsi aam- 
plea* The eemples wore cold-rolled with & isiBJiimtm 
reduction of 60 ,!. 0!O sprfeying procedure was roneeted 

on these camples and the holes drilled with a S/SS’* 
drill. To patterns were observed, Oago« wore placed 
on several of the nieoes to find the actual residual 
strains present in order to dot ermine the thz'cshold 
ssnaltivity of the brittle lacquer tsethod* fJicse 
vi;cges were cut away end the strains recorded. 

Powmetsl was the third metal tried fer 
this experiment* Twenty ssiaplcs, reduced 15;! by- 
cold -rolling, wore sorayed and drilled. In two of 
theho pieces, Patterns wero observed. Phase were 
the first coripreoolve cracks fomd in this Inveetlg- 
ation. Alfehou^s tho patterns were not well enou,sh 
defined to nnoto^'raoh, the cracks and the residual 
strains were rAsasured and recorded In the usual 



mraincr. 



Due to the lack of tiaie, it »ia,s laipoDolhle 
to attempt any further inves&icptlona. However, It 
Is felt that there le nuffloletit Ju?itiflcafcion for 
fiarther tests. Accureto oonolusiona shoulft he oh- 
teinesS with an improvea. rsathod of fln<*'lsg the actual 
resifiual strains. 
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STILTS 

tJi8 r«»ults of tho touts aro t&tuliated 
in I, inhere ar« some glnrln^ inconslotenci«» 

in the rel&tioafihlp botweea the size of the patterns 
«r^ the measured residual e trains* In the case of 
the steel epeciraona, one 5) showed a 

coraprosslye reeidual strain, but all of the patterns 
observed on the steel samples wre tensile patterns* 
Also, on the Pometsl samples, whieh showed all eosa- 
preaaive patterns, S3 gavo a tensile reading* 

All of the data obtained from the steel samples must 
bo oonsidtred worthless beoeuse of the unprediotable 
high ahcsrlng strosees induced as a result of the 
method used in removing the gages from the sample®* 
There is not suffioient date from the lighter cietal® 
to form a definite eoiioluslon. 

The findings from the alitminnm end Dowssetal 
tests ere plotted on Plato II* The,y show nothing 
oonelualve inasmuch ao they M»e too few in number 
eM aro quite dianersed. The residual strains 
found in the ploees in ishieh no pattern resulted 
were quite high end cast some doubt on the validity 
of the iTittle costljig nethod. even as a qualitative 



indicator* 







>» 



i 



I 



-15 



TABLS I 



Group 



A 



Piece 


Hoi© X.efti?th 

~Tt~ 

Line 


Gsqo 


nw „*m wiem 

Before 


HosSln,^* 

"7ffter“ 


1 


So 


results 








S 


No 


results 








3 


1 


• 09 


1 


5-1795 


7-1794 




2 


.10 










3 


• 06 


a 


5-103D 






4 


• 08 










5 


mtt «* 


3 


5-OSOl 


7-0949 




6 


.08 






• 


4 


1 


.10 


4 


5-1888 


9-0301 




2 


.10 
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.09 


6 


6-1228 


4-1519 
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.09 


6 


6-1419 






8 


.10 
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.13 


7 


6-1579 


9-0977 




7 


.13 








1 


No results 








a 




.04 


IS 


5-0385 


S-14S3 








13 


6-0758 


a-1599 


3 




• 08 


14 


7-1075 


8-1090 








15 


4-1134 


3-1155 


4 




.09 


16 


6-1019 


8-1X21 








17 


6-1033 


6-1726 



5 So results 
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f« ( • 4S -I* 8u) ntrs»lia« 


Drill s1k« 










' di«#‘ 










1999 


-•«6 -7660 


• 098 


.306 



2148 


-.26 


-3260 


.098 


.208 


3913 


-.26 


-11 , 200 


.098 


.433 


1709 


-*2S 


6560 


.098 


.306 



S398 


-.26 


-9210 


,098 


• 567 


604 


-.26 


-2320 


.098 


.202 


2041 


— • 26 


-10,930 


,093 




1016 


-.26 


-3905 


.098 


.236 


1021 


-• 26 


1 

o 


.093 




2102 


-.20 


-3100 


,090 


.S06 


64E 


-.26 


-2470 


.098 
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SABL'i I (cont’e) 



Oroup fieoa Hole ^<en«th 

or 

Itlne 

6 Wo results 

7 Ko results 

8 .07 

9 results 

.10 . 10 

I li 3 . 23 

Ig 2 .20 

3 .21 

Xt X . 45 

2 .30 

Lg 1 . 25 

3 .15 

m 

<r5 

JKi 

JF 



Or, “ to 


licaSin^ 


Eeaaii3(? 


10 


3-0348 


0-1258 


11 


6-0734 


5-1806 


8 


5-0947 


0-0290 


9 


5-1028 


6-0043 


18 


6-0992 


6-1020 


19 


4-1201 


4-1149 


SO 


C?“*# 

o 

1 

40 


5-0738 


21 


6-1151 


7-0802 


22 


7-0801 


7-0290 


23 


7-1167 


8-0501 


24 


5-1953 


5-1216 


25 


6-1080 


6-0870 




5-1121 


6-0919 




7-1110 


8-0411 




7-1650 
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7-1007 
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6-1061 
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**ir 
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.098 
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-.26 


-S77 


.098 
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-.26 


-1295 


.098 


.332 
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-.26 


-2366 


.098 




gs 


-.24 


-107 


.014 


,490 


-5S 


-.24 


216 


.094 




-630 


-.24 
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,094 


.457 


711 


-.24‘ 


-2960 


,094 


.470 


•611 


-.26 


2350 


.094 


.633 


434 


26 


-1670 


.094 


.558 


-737 


-.26 


2340 


.094 


.510 


1 

r.i 

o 


-.26 


809 


.094 


. 393 


798 


-.24 


-3320 






301 


-.24 


-1250 






-50 


-.24 


208 






-63 




262 






-1S5 


-.24 


637 






-436 


-.24 


1318 
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1 

s 

3 

4 

Groi:© A 
€-rou;p I 

Group Jl? 
Group >Tl^ 
Group tT£ 
Group Jt 
Group IF 



II 

mE v>m2jjr3 
i.-.ygiT-jp oy 

8630 GtoeX 

HeafceS t;o 1500 a©gr«e» F, 

Held for 3D mia* a,t t«aporatur®* 
Quorsohefl, into oil* 

Smine aa lo* 1 . 

SsRis ea Ko* I* 

Smto as lo. 1 * 
oa;i5© ms Ho* I* 
g4S~Q Alusalnun 

H®atod to 9S5 degroes F* 

Hold for 30 ain* at tesjperat'sire* 
?Uuoa 0 hed into oolS water* 

Gold roSuoad 48p 
Cold reduoei §1;,4 
Cold reduced 62,4 
Cold reduced 36f4 
Cold roducod 43jc 

Pofv^aetal 



Group L 



Cold rsduaod 15-^ 
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TABLK III 

POISSOIS HATIO: 

8630 Steel 0.34 

Aluminum ------ 0,33 

Do?/motal ------ 0,34 
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PL/TE II 



O.f 



0.6 



0.4 



0.2 



o 



© 



Aluminum X 
Dow Metal O 



0.0 



0 






THoTT 



3000 



Residual Strain 
Micro-inches per inch 
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B\e result® of those experimenta r^ith fch« 
brittle lacquer «e a neasiy?e of realflual stresses 
yielCed no aeflnlte rejsulta a« far as quantitative 
sneaeuressente «r« conoerjoe!® for •jne of the follov/iiig 
reasons: Either the brittle lacquer method is of 

little value in estiraatlnji strecoea, or the method 
uced to find the residual atraina is not eetlsfaotory* 
It is the o'^iaion of the authors that the letter reason 
Is the chief cause of tlie indefinite results obtained* 
However, inability of the lEcquor to show strain 
prttemo on the greatly reduced alujtiinusi sfvsplcs has 
led the authors to loo^fe upon the brittle JAoquer 
method with caution even as a qualitative indicator 
of residual strains* la the uco of the electric 
strain gages there is always the uncertainty as to 
the nagnltuds of the strain® induced by cutting away 
the gage. For this rcaaon, it is felt that sons other 
method of finding the residual abreins should be eas- 
ployed before a definite decision Qr^n be reached as 
to the value of the brittle leequsr nethod for quan- 
titative raeanuroment of residual strains* 

fhers are ti?o other proceduraa which could 
be used to measure the residual ctraliis* <3ne method 



io fche U8« of X-rfty tJeo^miqueis ®xy3 the other method 
ia the use of hl^ temuerature strain ;Oie 

first method is outlined in refer enoe !^inoo 

this method iarolves ntuoh ©xpofisivo e<ju.ipm©nt and 
study in the operation of the equipnient, it wae 
not readily avsilahle for use in this inveatig;afcloa» 
the second nethod has greater possihllltieso fhe 
constraetlon, use, and oallbration of theac hi^ 
t^pcratur© gages are outlined in referenoe 
'O'o orooedsirs to he followed if this latter nisthod 
were to ho used ?>7ould he to place the high temper- 
ature atraln nag® 02 ^ fche sample in its oondition 
of high residual strain. 1 ?ho 2 i place the piece in 
0 furnaoo at an ©levatei! temperature in order to 
i*elieve the streseoo in the piece m deeorlted in 
rofai»onc© 3inco the gage could wrltiict*md the 

hif:^ temper eture inirolved, a coiaparison of the 
rosl at rnee readings of the goge before and after 
atrcpg relief would siessure the residuxl atralae. 
Uhi® method should bo OG-jeciallj acc^ii‘ate as it 
iiwolvos no additional strain due to cutting* 
However, there is one serious obatacl® to the 
tio© of this method which be overcome j that 

is the Inng baling period totaling 32 hours at 
250 degrees ?'* «hich la apecifieft aftor placing 
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fche on tho oarrole. It :^iould b« poa&lble 

to place the on the srniple without resortin^j 

to suoh hl^ih toraT)©ratu3?o 'oakin^^* This drjfln^ period 
urutoubteflly woulfi contrlhuto oonsiflerable fitreae 
relief., Perhaps a lons^r drying period at room 
teraperature would sufficGo If a solution to this 
Brobien could be found, the nveaatire.%>ont of roeidual 
strains could be easily aooompliESied* 

Purina? the course of the exporlmenta It 
waa noted that cracks of varying intensities wore 
formed with eporo^cimataly the nrsmo lca?jth. Some 
of the patterns forced were considered to be erasing* 
However, other Investigators identified these pat- 
terns as strain Indloations as illustrated in refer- 
encoG ’’/i” and ”B**. She patterns shov«\ in the pictures 
tfiken of some .of the plates In the authors* experl- 
Eienta ere not of this oharocter, The authors feel 
that there should b® soni® distlnotlon taade between 
the strong patterns and the weak ones* As they were 
unable to get any satisfactory results due to the 
difficulties in meastiring the residual strains with 
the SEda strain it was inipossibla to make the 

proper comparison* 

fhe authors feel that more ^rk Is worrmted 
on this topic because the brittle Isofuer method of 
otress analysis is a simple, yob effective, system* 



If it oijn b« proven that the ferittl® laoquer method 
is valuable in n&an\xrin$ quscititativelj the resifiual 
strains in motel, a very w%->rthwhlle, tool M.11 be open 
for use by the stre-gs aoalysor. 
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Thesis 7477 

A 2 Acuff 

c.l To investigate the 

use of brittle lacquer 
in-measuring quanti- 
tatively the residual 
strains in metal plates. 
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